A frame (overcomplete set of vectors) represents an analog coding scheme. Deterministic frame constructions offer useful codes for communication and signal processing tasks. When the coded signal only uses a random subset of the frame vectors (for example, in compressed sensing), the coding quality is determined by the typical covariances within subsets of frame vectors. We provide a method to calculate functions of these typical covariances, which predict specific performance measures of the corresponding coding scheme. Our method uses a universality property: for many well-known deterministic and random frames, typical covariances within subsets of frame vectors do not depend on the frame and are described by the MANOVA (multivariate ANOVA) ensemble, a classical object in statistics and random matrix theory. (See pp. E5024-E5033.)
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Broken flow symmetry explains the dynamics of small particles in deterministic lateral displacement arrays Sung-Cheol Kim Benjamin H. Wunsch, Huan Hu, Joshua T. Smith, Robert H. Austin, and Gustavo Stolovitzky Deterministic lateral displacement (DLD) is a technique for size fractionation of particles in continuous flow that has shown great potential for biological and clinical applications. Several theoretical models have been proposed to explain the trajectories of differentsized particles in relation to the geometry of the pillar array, but experimental evidence has demonstrated that a rich class of intermediate migration behavior exists, which is not predicted by models. In this work, we present a unified theoretical framework to infer the trajectory of particles in the whole array on the basis of trajectories in the unit cell. This framework explains many of the unexpected particle trajectories reported in literature and can be used to design arrays for the fractionation of particles, even at the smallest scales reaching the molecular realm. We also performed experiments that verified our predictions, even at the nanoscales. Using our model as a set of design rules, we developed a condenser structure that achieves full particle separation with a single fluidic input. ( In a quest for antibiotics that may display durable clinical lifetimes, analogs of the glycopeptide antibiotics, including vancomycin, have been designed that not only directly overcome the molecular basis of existing vancomycin resistance but also contain two added peripheral modifications that endow them with two additional independent mechanisms of actions not found in the parent antibiotics. It is shown that such peripherally and binding pocket-modified vancomycin analogs display little propensity for acquired resistance by vancomycinresistant Enterococci and that both their antimicrobial potency and durability against such challenges follow trends (three > two > one mechanisms of action) that are now predictable. (See pp. E5052-E5061.) Since the discovery of the wisdom of crowds over 100 years ago theories of collective intelligence have held that group accuracy requires either statistical independence or informational diversity among individual beliefs. Empirical evidence suggests that allowing people to observe the beliefs of others leads to increased similarity of individual estimates, reducing independence and diversity without a corresponding increase in group accuracy. As a result, social influence is expected to undermine the wisdom of crowds. We present theoretical predictions and experimental findings demonstrating that, in decentralized networks, social influence generates learning dynamics that reliably improve the wisdom of crowds. We identify general conditions under which influence, not independence, produces the most accurate group judgments. (See pp. E5070-E5076.)
Immunoengineering nerve repair
Nassir Mokarram, Kyle Dymanus, Akhil Srinivasan, Johnathan G. Lyon, John Tipton, Jason Chu, Arthur W. English, and Ravi V. Bellamkonda Annually, more than 250,000 Americans suffer from a peripheral nerve injury, which results in a loss of function and a compromised quality of life. The current clinical gold standard to bridge long, nonhealing nerve gaps, the autograft, has several drawbacks. Therefore, there is a clear and urgent unmet clinical need for an alternative approach that can match or exceed autograft performance. Here we investigated the regenerative effect of fractalkine, a chemokine that preferentially recruits reparative monocytes in the synthetic nerve conduit. Our method of bridging gaps enhanced axonal regeneration and muscle reinnervation and showed results comparable to those observed in autografts. (See pp. E5077-E5084.)
Computationally optimized deimmunization libraries yield highly mutated enzymes with low immunogenicity and enhanced activity Regina S. Salvat, Deeptak Verma, Andrew S. Parker, Jack R. Kirsch, Seth A. Brooks, Chris Bailey-Kellogg, and Karl E. Griswold Nature produces a variety of proteins that could be tapped for therapeutic applications. This paper focuses on the bacterial enzyme β-lactamase, a component of antibody-directed enzyme prodrug therapies designed to activate cytotoxic prodrugs selectively at sites of malignancy. Unfortunately, like many other nonhuman proteins, β-lactamase evokes an antidrug immune response that limits its clinical potential. This paper demonstrates that a multiobjective library-design method enables incorporation of mutations throughout the protein, modifying portions that trigger immune recognition while simultaneously preserving stability and catalytic activity. The libraries were inherently enriched in beneficial variants, and they produced numerous candidates that were both highly functional and immunologically stealthy. The method is general purpose and could enable functional deimmunization of other biotherapeutic agents. (See pp. E5085-E5093.) Hematogenous implant-related infections are an important clinical problem because bacteria spread from the bloodstream to a previously well-functioning implant and result in infectious complications and failure of a medical device or prosthesis. To study these infections, we developed a preclinical animal model of a Staphylococcus aureus hematogenous implant infection with the capability to monitor noninvasively and longitudinally the dissemination of the bacteria from the blood to a surgically placed orthopedic implant. Using this model, α-toxin and clumping factor A were identified as key factors that contributed to the pathogenesis of these infections by promoting biofilm formation. Finally, neutralizing antibodies against these factors provided a targeted, nonantibiotic alternative approach to help prevent these difficult-totreat and costly infections. (See pp. E5094-E5102.)
Mouse model of hematogenous implant-related
Trigger loop of RNA polymerase is a positional, not acid-base, catalyst for both transcription and proofreading Tatiana V. Mishanina, Michael Z. Palo, Dhananjaya Nayak, Rachel A. Mooney, and Robert Landick Synthesis of new RNA and removal of incorrect nucleotides during proofreading by RNA polymerase involve the transfer of two protons. Here, we show that a polymerase component, the trigger loop, does not directly mediate proton transfer during these reactions, as previously proposed. Instead, the trigger loop plays a central role in transcription as a positional catalyst, by orienting the reactants and promoting the polymerase backtracking necessary for proofreading. This positional-catalyst model of trigger-loop function explains its diverse effects on polymerase catalysis and reconciles contradictory reports in the literature. By establishing that the trigger loop is not an acid-base catalyst, our results also guide the search for alternative proton donors and acceptors for reactions in the active site of polymerase. (See pp. E5103-E5112.)
Cas1 and the Csy complex are opposing regulators of Cas2/3 nuclease activity Prokaryotes have adaptive immune systems that rely on CRISPRs (clustered regularly interspaced short palindromic repeats) and diverse CRISPR-associated (cas) genes. Cas1 and Cas2 are conserved components of CRISPR systems that are essential for integrating fragments of foreign DNA into CRISPR loci. In type I-F immune systems, the Cas2 adaptation protein is fused to the Cas3 interference protein. Here we show that the Cas2/3 fusion protein from Pseudomonas aeruginosa stably associates with the Cas1 adaptation protein, forming a 375-kDa propeller-shaped Cas1-2/3 complex. We show that Cas1, in addition to being an essential adaptation protein, also functions as a repressor of Cas2/3 nuclease activity and that foreign DNA binding by the CRISPR RNAguided surveillance complex activates the Cas2/3 nuclease. (See pp.
E5113-E5121.)
Spacer capture and integration by a type I-F Cas1-Cas2-3 CRISPR adaptation complex Selective oxidation of aliphatic C-H bonds in alkylphenols is important for both structural derivatization and biological degradation of these fundamental chemicals. However, significant problems are persistently associated with the chemical methods for this oxofunctionalization. In this study, we developed a unique chemomimetic biocatalytic system that is capable of selectively oxidizing p-and m-alkylated phenols in a controllable manner, overcoming the challenges faced by similar chemical oxidation. The structural and bioinformatics analyses of the central P450 biocatalyst CreJ suggest that its substrate flexibility and reaction selectivity could be further leveraged. This novel alkylphenol biooxidation system may hold great potential for application in pharmaceutical, biomanufacturing, and environmental industries once upscaled systems can be further developed in the future. (See pp.
E5129-E5137.)
Efficient, ultra-high-affinity chromatography in a one-step purification of complex proteins Protein purification is a primary step and the basis for numerous biochemical and biomedical studies. It is particularly crucial for high-resolution structural analysis and industrial protein production, where it has to meet the high-yield, high-purity, and high-activity (HHH) requirement. However, the HHH purification of many proteins or protein complexes remains a difficult, target-dependent, and multistep process. The ultra-high-affinity (CL7/Im7) purification system described in this work allows for one-step HHH purification of a wide range of traditionally challenging biological molecules, including eukaryotic, membrane, toxic, and DNA/RNA-binding proteins and complexes. It might emerge as an efficient, universal tool for high-throughput isolation of many significant biological systems to advance modern biological studies as well as manufacturing of therapeutic proteins. (See pp. E5138-E5147.) Retroviral host range extension is coupled with Env-activating mutations resulting in receptor-independent entry Anna Lounková, Jan Kosla, David P rikryl, Kry stof Stafl, Dana Ku cerová, and Jan Svoboda
The emergence of novel infectious diseases is often associated with cross-species virus transmission. Virus host range is owed, in large part, to genetic variation of its envelope gene. The illustrative example presented here is based on a structural study of the Rous sarcoma virus (RSV) avian retrovirus passaged twice through rodents. RSV heterotransmission was enabled by spontaneous envelope gene mutations, which allow virus entry even into human and other receptor-free cells. Through three independent biochemical assays, we established that these mutations caused conformational change similar to the one that follows virusreceptor interaction. The newly identified envelope mutations responsible for the broad retrovirus host range contribute to our understanding of retroviruses' pathogenicity and their ability to cross the transclass barriers. (See pp. E5148-E5157.)
Deubiquitinating enzyme VCIP135 dictates the duration of botulinum neurotoxin type A intoxication
Yien Che Tsai, Archana Kotiya, Erkan Kiris, Mei Yang, Sina Bavari, Lino Tessarollo, George A. Oyler, and Allan M. Weissman Botulinum neurotoxins (BoNTs) are the most potent biological toxins. These proteases function by cleaving SNARE proteins, leading to paralysis and death from respiratory failure. BoNT serotype A (BoNT/A) has the most prolonged symptoms due to an extraordinarily stable catalytic light chain (LCA). BoNT/A intoxication can occur through ingestion (either sporadically or from a common food source), as a consequence of a clinical mishap, or potentially through bioterrorism, which would require mass mechanical ventilation. We report that LCA persistence is due to a particular deubiquitinating enzyme that binds a specific region of LCA and prevents its ubiquitin-dependent proteasomal degradation. These findings represent an essential step toward developing targeted molecular approaches to reducing morbidity and mortality from this toxin. (See pp. E5158-E5166.) Neurulation has been intensively studied in lower vertebrates, but marked species differences call into question the relevance of these models for human neural tube (NT) closure. Here, using mouse embryos, we demonstrate that mammalian neural fold apposition results from constriction of the open posterior NT, which is biomechanically coupled to the zippering point by an F-actin network. Using the Zic2 mutant model, we show that genetic predisposition to spina bifida, which likely underlies most human cases, directly affects the biomechanics of closure. We also identify a NT closure point at the caudal end of the embryo. We discovered a previously unrecognized regulator of cholesterol biosynthesis, glycerol kinase 5 (GK5), which functions exclusively in the skin independently of cholesterol regulation in other tissues. GK5 negatively regulates the processing and nuclear localization of sterol regulatory element binding proteins, transcription factors that control expression of virtually all cholesterol synthesis enzymes. Excessive amounts of cholesterol, triglycerides, and ceramides were found in the skin of GK5-deficient mice. These mice displayed alopecia (hair loss) caused by impaired hair growth and maintenance, for which proper amounts of cholesterol and other skin lipids are necessary. (See pp. E5197-E5206.)
Genome-wide CRISPR screen identifies HNRNPL as a prostate cancer dependency regulating RNA splicing Withdrawal of antiangiogenic drugs leads to tumor revascularization, even rebound effects of tumor angiogenesis, and potential metastasis. Long-term maintenance therapy with antiangiogenic drugs is crucial for achieving maximal clinical benefits for cancer patients. There are no antiangiogenic drugs that are clinically available for maintenance therapy. We show that orally active capecitabine at an extremely low and nontoxic dose displays a potent antiangiogenic effect that can be used for maintenance therapy. Importantly, the low-dose capecitabine in a sequentially therapeutic setting following anti-VEGF drugs produces remarkable anticancer effects. If successfully proven in clinical settings, our therapeutic regimen would be beneficial for millions of cancer patients. Our findings will shift the paradigm of current antiangiogenic therapy for treatment of human cancer patients. (See pp. E5226-E5235.)
Electron-shuttling antibiotics structure bacterial communities by modulating cellular levels of c-di-GMP Chinweike Okegbe, Blanche L. Fields, Stephanie J. Cole, Christopher Beierschmitt, Chase J. Morgan, Alexa Price-Whelan, Richard C. Stewart, Vincent T. Lee, and Lars E. P. Dietrich
In cells residing within communities, limitation for electron acceptors (e.g., oxygen) leads to redox imbalance and hampers metabolism. Pseudomonas aeruginosa bacteria in biofilms produce antibiotics called phenazines that facilitate redox balancing. When phenazines and oxygen are not sufficiently available, P. aeruginosa biofilms increase production of ECM, which increases surface areato-volume ratio and access to oxygen. Here, we describe RmcA, a protein that regulates matrix production in response to phenazine exposure. RmcA contains four sensing domains and two domains that modulate levels of a small-molecule inducer of matrix secretion. These results provide molecular insight into mechanisms underpinning the adaptability of P. Release-docking sites have been considered from a morphological point of view as the sites where synaptic vesicles dock and fuse with the active-zone membrane. Functionally, docking sites limit the maximum number of vesicles released per action potential, determining synaptic strength. Until now it has not been possible to establish a clear link between morphological and functional aspects of docking sites in mammalian brain synapses. Recent data suggest that calcium channels form several clusters in the active zone. Here, we show that the number of the clusters matches that of functional docking sites and both parameters change in parallel with age and synaptic size. Based on these results we propose a one-to-one correspondence between docking sites and calcium channel clusters. (See pp. E5246-E5255.)
Regulation of spinogenesis in mature Purkinje cells via mGluR/PKC-mediated phosphorylation of CaMKIIβ Takeyuki Sugawara, Chihiro Hisatsune, Hiroyuki Miyamoto, Naoko Ogawa, and Katsuhiko Mikoshiba
